T h e C h a N g i N g a r C T i C O C e a N | S p e C i a l i S S u e O N T h e i N T e r N aT i O N a l p O l a r Y e a r ( 2 0 0 7 -2 0 0 9) a Synthesis of the long-Term paleoclimatic evolution of the arctic aBSTr aCT. Since the Arctic Ocean began forming in the Early Cretaceous 112-140 million years ago, the Arctic region has undergone profound oceanographic and paleoclimatic changes. It has evolved from a warm epicontinental sea to its modern state as a cold isolated ocean with extensive perennial sea ice cover. Our understanding of the long-term paleoclimate evolution of the Arctic remains fragmentary but has advanced dramatically in the past decade through analysis of new marine and terrestrial records, supplemented by important insights from paleoclimate models. Improved understanding of how these observations fit into the long-term evolution of the global climate system requires additional scientific drilling in the Arctic to provide detailed and continuous paleoclimate records, and to resolve the timing and impact of key tectonic and physiographic changes to the ocean basin and surrounding landmasses. Here, we outline the long-term paleoclimatic evolution of the Arctic, with a focus on integrating both terrestrial and marine records.
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The Arctic Ocean is the smallest and most isolated of the world's oceans. Centered over the northern pole, this body of nearly land-locked cold ocean water comprises less than one percent of the global ocean volume (Jakobsson, 2002) . Nonetheless, the Arctic Ocean's perennial sea ice cover influences regional and global climate by reflecting incoming solar radiation in the summer (the albedo effect), by limiting heat exchange between the atmosphere and underlying warmer water masses in winter (Perovich et al., 2007) , and through the influence of freshwater and sea ice export into the Norwegian-Greenland Sea on global thermohaline circulation (Aagaard and Carmack, 1989) .
The Arctic Ocean was not always frozen, inhospitable, and land-locked. 1979-2000, 2010, and 2007 . This figure highlights the more dramatic reductions in sea ice that occur in marginal regions of the arctic Ocean and emphasizes the influence of atlantic and pacific water inflow on sea ice persistence. (B) Bathymetric map of the arctic Ocean . The white dotted lines show the position of the modern tree line, south of which boreal forests occur today. arrows outline major features of the modern ocean circulation system with atlantic water inflow in red), river runoff in yellow, and pacific water in orange. Numbers refer to localities discussed in the text and listed in Tables 1 and 2 . green circles indicate coring sites in the amerasian Basin. Black circles are Odp/dSdp (Ocean drilling program/deep Sea drilling project) sites in the Norwegian-greenland Sea (NgS) and on the Yermak plateau. ahi = axel heiberg island. ar = alpha ridge. Bi = Banks island. BS = Beaufort Sea. CB = Canada Basin. di = devon island. ei = ellesmere island. eSS = east Siberian Sea. FS = Fram Strait. KS = Kara Sea. lr = lomonosov ridge. lS = laptev Sea. Mr = Mendeleev ridge. Yp = Yermak plateau. The yellow circle on ellesmere island is the location of the eureka weather station. . In the latest early Eocene and middle Eocene, the ACEX cores record finely laminated sediments with diverse and well-preserved assemblages of marine siliceous and organic walled microfossils . Accompanying SST estimates show a clear cooling trend through the Eocene (Figure 3) as is evident in global compilations (Stein, 2008; Zachos, et al., 2008) . Offsets between the TEX 86 and U forests (Graham, 1999) .
In the Norwegian-Greenland Sea, recognized globally in deep-sea records is unknown (Shevenell et al., 2004) .
Global cooling following MMCO is interpreted as marking the expansion of the East Antarctic Ice Sheet (Pekar and DeConto, 2006) and was accompanied by a reduction in atmospheric CO 2 concentrations from ~ 500 ppmv to ~ 300 ppmv (Kürschner et al., 2008) . The best quantitative estimate of terrestrial
Arctic cooling across this interval is from
Cook Inlet, Alaska, where a reduction in the MAT from 11.5° to 4°C occurs between 12 and 13 million years ago (Wolfe, 1994) . Pollen and spore assemblages from interior Alaska also provide a MAT of 9°C at 15.2 million years ago (White and Ager, 1994) , with subsequent cooling proceeding until 11 million years ago (White et al., 1997 likely in response to a further decrease in atmospheric CO 2 concentration (Lunt et al., 2008) . Evidence of episodic expansion of the northern Barents Ice
Sheet from 3.6 million years ago has also been reported, transitioning toward more regional-scale glaciations between 3.6 and 2.4 million years ago Matthiessen et al., 2009 ).
On Greenland, these earlier glaciations were followed by interglacial episodes involving drastic retreat of the ice sheet (Funder et al., 2001) . with these findings (Krylov et al., 2008; Darby, 2008) . However, the applicability of this relationship in the geologic past remains extremely speculative. In addition to large uncertainties between and within existing proxy-based CO 2 estimates (Figure 5 ), the overall sensitivity of Earth's climate system to past greenhouse gas concentrations is complex. (proxy-based; pagani et al., 2005 pagani et al., , 2010 pagani et al., , in red and Kürschner et al., 2008 atmospheric CO 2 concentrations with satellitederived September sea ice extent (blue line; Stroeve and Meier, 2010) , ensemble mean projections of ipCC climate models (grey shaded region), and insights into the evolution of seasonal and perennial sea ice in the arctic from marine sediments and modeling results (noted in figure) . The bar along the top provides an overview of our fragmentary understanding of when seasonal and perennial sea ice formed in the arctic, and when it may disappear in the near future. 
